In Mediterranean ecosystems, special attention needs to be paid to forest-water relationships due to water scarcity. In this context, Adaptive Forest Management (AFM) has the objective to establish how forest resources have to be managed with regards to the efficient use of water, which needs maintaining healthy soil properties even after disturbance. The main objective of this investigation was to understand the effect of one of the AFM methods, namely forest thinning, on soil hydraulic properties. At this aim, soil hydraulic characterization was performed on two contiguous Mediterranean oak forest plots, one of them thinned to reduce the forest density from 861 to 414 tree per ha. Three years after the intervention, thinning had not affected soil water permeability of the studied plots. Both ponding and tension infiltration runs yielded not significantly different saturated, K s , and unsaturated, K -20 , hydraulic conductivity values at the thinned and control plots. Therefore, thinning had no an adverse effect on vertical water fluxes at the soil surface. Mean K s values estimated with the ponded ring infiltrometer were two orders of magnitude higher than K -20 values estimated with the minidisk infiltrometer, revealing probably soil structure with macropores and fractures . The input of hydrophobic organic matter, as a consequence of the addition of plant residues after the thinning treatment, resulted in slight differences in terms of both water drop penetration time, WDPT, and the index of water repellency, R, between thinned and control plots. Soil water repellency only affected unsaturated soil hydraulic conductivity measurements. Moreover, K -20 values showed a negative correlation with both WDPT and R, whereas K s values did not, revealing that the soil hydrophobic behavior has no impact on saturated hydraulic conductivity.
INTRODUCTION
In the last years, researchers have reported an increasing need to have more awareness on the intimate link between land use, soil properties and soil hydrological processes del Campo et al., 2014; González-Sanchis et al., 2015; Molina and del Campo, 2012) . In the Mediterranean ecosystems, special attention needs to be paid to the forestwater relationships due to the natural scarcity of water (Bisantino et al., 2015) . Following the Millennium Ecosystem Assessment, adaptive management is a systematic process for continuously improving management policies and practices by learning from the outcomes of previously employed policies and practices. Adaptive Forest Management (AFM) can be viewed as a long duration experiment. The objective of the experiment is to establish how forest resources have to be managed with regard to an efficient use of water. The means to reach this objective is to artificially regulate forest structure and density in order to enhance soil water availability and, consequently, increase tree growth and stand resilience to climate-driven disturbances (fire and drought), while maintaining soil hydraulic properties (del Campo et al., 2014) .
In general, there is a need to thinning the Mediterranean forest recovered after one century of abandonment (AlonsoSarría et al., 2016; Cammeraat et al., 2010; Cerdà, 1997) in order to avoid catastrophic forest fires (Keesstra et al., 2016a; Pereira et al., 2015) . The opening of the canopy, due to the removal of a certain number of trees, is an important practice for the management of forests. It results in important modifications of the microclimatic conditions that influence the ecophysiological functioning of trees (Aussenac and Granier, 1988) and it also influences soil-water relationships. For example, a reduction in forest cover can be expected to increase water availability in the soil profile due to the consequent reduction in transpiration and interception (Brooks et al., 2003; González-Sanchis et al., 2015; Hibbert, 1983; Zhang et al., 2001) . Gallart et al. (1997) , working in a Mediterranean mountain basin in the Pyrenees, observed that the soil profiles in forested areas always had lower water content than did those in cleared areas due to the effects of forest interception. Other possible factors inducing less water in forest soils include root water extraction and transpiration. Mollnau et al. (2014) studied the soil water dynamics under a western juniper (Juniperus occidentalis) woodland and compared their results with those for a site where the woods had been cut down. They also found that the soil moisture content was higher in sites where the tree cover had been cleared. The woodland had a negative impact on deep water reserve recharge due to the high interception rate of the juniper and also to its ability to extract water from deep soil layers.
Soil hydrological processes are known to depend on soil properties that can be expected to vary with the forest management (Heiskanen and Mäkitalo, 2002) . For example, thinning with land clearing could probably induce lower levels of organic matter content in the soil and hence a poorer aggregation. Therefore, the soil hydraulic properties are expected to vary in forest areas with different management practices and they need to be determined experimentally. Notwithstanding this, little information is available in semi-arid Mediterranean watersheds on the effects of thinning on soil hydraulic properties.
A reason for the lack of information is that the areas to be sampled have generally a limited or difficult access, which precludes intensive field campaigns, notwithstanding that a large number of determinations is required to obtain representative values of soil hydraulic properties at the field scale. Relatively small datasets are easy to obtain but the reliability of the collected data could be considered more or less uncertain. A means to establish the usability of small sample sizes is to check the consistency among the collected information by different experimental methodologies. For example, different infiltration methods and devices, developed in the last decades, appear usable to determine soil hydraulic properties directly in the field with limited experimental efforts (devices, water volumes, run duration) and robust data analysis procedures (Angulo-Jaramillo et al., 2000 Bagarello et al., 2014; Di Prima et al., 2016; Lassabatère et al., 2006) . Field techniques were also commonly used to determine the impact of vegetation and forest management on infiltration (Cerdà, 1997 (Cerdà, , 1999 Wang et al., 2016) .
Water infiltration into the soil also depends on soil water repellency, that is common in forest soils (Cerdà and Doerr, 2007; Keesstra et al., 2016b) . In regions with a Mediterranean dry climate, such as eastern Spain, prolonged dry periods and oil or wax-rich vegetation types commonly induce soil hydrophobicity with consequent changes in the dynamics of the hydrological processes as compared with those occurring in non-water repellent conditions (Dekker et al., 2001; García et al., 2005; Verheijen and Cammeraat, 2007) . In particular, soils under deep litter or mor-type humus are expected to be particularly water repellent (Doerr et al., 2000) , since films of organic compounds can coat soil aggregates (Blanco-Canqui and Lal, 2009; Ellerbrock et al., 2005) . Moreover, hydrophobic organic material may improve aggregate stability reducing swelling and destructive forces linked to trapped air (DeBano, 1981) . An increasing water repellent behaviour can occur as a consequence of mulching (Blanco-Canqui and Lal, 2009; Blanco-Canqui et al., 2007; García-Moreno et al., 2013; González-Peñaloza et al., 2012; Šimon et al., 2009) . Nonetheless, the effectiveness of woody mulches under field conditions remains unclear (Prats et al., 2012) . For instance, Shakesby et al. (1996) found their forest residue mulch to be ineffective in inducing soil water repellency at one of the two study sites, whereas Fernández et al. (2011) and Riechers et al. (2008) found that wood chip mulch induced less water repellency than straw mulch.
According to different authors, using a single method to assess soil water repellency could not be sufficient given for example that it can promote preferential flow and by-pass flow that cannot be detected by a drop scale measurement technique as the widely applied water drop penetration time (WDPT) test (e.g., Bachmann et al., 2003; Scott, 2000) . In such soils, infiltration experiments with a ponded head of several centimeters or a negative applied head of water may lead to different results for soil hydraulic characterization (Ebel and Moody, 2013) . While the first method may overwhelm soil water repellency due to a ponded head exceeding the waterentry values, the second one may underestimate water infiltration due to high water-solid contact angles (AnguloJaramillo et al., 2016; Cerdà, 1996; Ebel et al., 2012; Nyman et al., 2010; Wang et al., 1998) . Moreover, the hydrological meaning of saturated hydraulic conductivity could be questionable in hydrophobic soils since they exhibit a time variable water repellency and thus could not wet spontaneously .These circumstances reinforce the need to establish comparisons between alternative methods for soil characterization.
A comparison between thinning and non-thinning treatments was recently carried out in a natural Mediterranean oak forest, within the public forest La Hunde, Valencia (NE Spain), where an excessive forest density induced water scarcity problems (González-Sanchis et al., 2013) . These authors studied the water cycle during the period 2012-2013 and they found that thinning from the original 816 trees per ha to 414 trees per ha induced an increase in water availability in the soil profile. Meanwhile, reducing tree density did not enhance runoff generation and soil erosion rates.
In this study, the two plots established three years ago by González-Sanchis et al. (2013) were sampled with the main objective to determine the impact of thinning on the soil hydraulic properties of a natural Mediterranean oak forest. In particular, the specific objective was to determine soil water repellency, water-stable aggregates and both unsaturated and saturated soil hydraulic conductivity determined using simple and low-cost field infiltration methods, for a thinned and a control plots three years after thinning.
MATERIALS AND METHODS

Study site
The study area consists of two contiguous plots, each of 1800 m 2 (Figure 1 ), located at the headwaters of Rambla Espadilla catchment, within the public forest La Hunde (39°4'50'' N, 1°14'47'' W, elevation of 1090 m a.s.l.), Valencia (NE Spain). Each plot is further divided into three blocks. The plots are located in a typical Mediterranean oak forest approximately 60 years old, characterised by Quercus ilex sbsp. ballota in association with other xerophytic species such as Pinus halepensis, Quercus faginea, Juniperus phoenicea and Juniperus oxycedrus. The aspect (NNW) and slope (15°) are the same for both plots . The climate is Mediterranean with a mean annual rainfall of 466 mm and a mean annual temperature of 13.7°C . The rainfall was continuously measured by means of a tipping-bucket rain gauge (Davis, USA) programmed to measure at 10-minute intervals, and located in an open area at 20 m apart from the experimental plots (González-Sanchis et al., 2013) . The registered rainfall intensities ranged from 0.28 to 23.1 mm h -1 , with the most frequent rain intensities (percentiles 0 to 50) ranging from 0.28 to 1.2 mm h -1 . Rainfall intensity of 4.5 mm h -1 corresponds to the 90 th percentile, while rainfall intensity of 7.5 mm h -1 corresponds to 95 th percentile. High intensity rainfalls usually occur during springtime (mainly May), and at the end of summer and the beginning of autumn (late August to October). Soil is approximately 30-50 cm deep in the lower part of the slope and about 10 cm thick in the higher part, with rock fragments constituting up to 50% of the soil volume .
Because the two plots have the same climate and topographical features, they appear suitable for a comparative investigation of the effects of forest management on soil hydrology. In 2012, the T plot ( Figure 1 ) was thinned, following the Forest Service indications to reduce the forest density from 861 to 414 trees per ha (González-Sanchis et al., 2013; Table 1 ). The vegetal debris with a diameter lower than 7 cm was chopped and dispersed on the soil surface of the forest plot ( Figure 2 ). Control (C) plot was not thinned. 
Soil sampling
Measurements of soil physical and hydraulic properties were carried out at nine sites within a given plot, following the scheme of González-Sanchis et al. (2015) . Briefly, three blocks per plot were established across the main slope. All variables were registered at each block, ensuring a representative number of samples per plot. The litter and leaf residues were gently removed from the soil surface before measurements were made.
Undisturbed soil cores (0.05 m in height and 0.05 m in diameter) were collected at the surface of mineral soil. Nine disturbed soil samples (0-0.10 m depth) were also collected in each plot, three per block. The undisturbed soil cores were used to determine the soil bulk density, ρ b (g cm −3 ) and the initial volumetric soil water content, θ 0 (cm 3 cm −3 ). The disturbed soil samples were used to determine organic matter content and water stable aggregates. Three samples per plot (50 g for each sample) were selected to determine the particle size distribution using conventional methods following H 2 O 2 pre-treatment to eliminate organic matter and clay deflocculation using sodium metaphosphate and mechanical agitation (Gee and Bauder, 1986) . In particular, fine size fractions were determined by the hydrometer method, whereas the coarse fractions were obtained by mechanical dry sieving.
According to the USDA standards, the three fractions, i.e., clay (0-2 μm), silt (2-50 μm) and sand (50-2000 μm), averaged for the two plots were 30.1, 33.2 and 36.7%, respectively (corresponding standard deviations = 3.1, 8.5 and 7.8, respectively), and the soil of the studied area was classified as clay loam (Gee and Bauder, 1986) . The organic carbon content, TOC (g kg -1 ), was determined by the Walkley-Black method (Nelson and Sommers, 1996) . Water repellency tests and infiltrometer measurements were carried out on selected dates during the December 2015 to April 2016 period to explore a wide range of initial soil water conditions.
Surface wettability
Soil surface wettability was determined at 16 sampling points (eight per plot) using the water drop penetration time (WDPT) test (Wessel, 1988) . This test is one of the most widely used methods for quantifying the persistence of soil water repellency (Doerr et al., 2000) . It comprises placing ten drops (0.05 mL) of distilled water on a representative soil surface at a small distance (i.e. a few cm) one to another and measuring the actual time until complete infiltration of each drop. The litter and leaf residues were gently removed from the soil surface before measurements were made. At each sampling point, a representative WDPT value was obtained by averaging the ten WDPT measurements. This test is widely used in Mediterranean rangelands as it is easy to perform and allows the comparison in paired plots such as the ones used here (Benito Rueda et al., 2016; Bodí et al., 2013; Dlapa et al., 2013; Keesstra et al., 2016b) . Recording of WDPT was stopped after 3600 s, although some drops did not infiltrate during this time interval. In such cases, a WDPT value of 3600 s was assigned .
Mini disk infiltrometer runs
The mini-disk infiltrometer (MDI) was used to estimate the unsaturated soil hydraulic conductivity (MDI Model S; Decagon Device Inc., 2014). This portable infiltrometer (326-mm high) can easily be used on mountain slopes with small water volumes (50-90 mL per measurement) and established pressure heads at the infiltrometer base variable in the range -5 to -60 mm (Moody et al., 2009) .
In this investigation, the pressure head on the porous disk of the device, having a diameter of 45 mm, was set at -20 mm to exclude the largest pores, i.e. with diameters > 1 mm (Watson and Luxmoore, 1986) , from the three-dimensional infiltration process. Soil hydraulic conductivity corresponding to a pressure head of -20 mm, K -20 (mm h -1 ), was calculated according to the method proposed by Zhang (1997) and recommended by Decagon Device Inc. (2014) . After the infiltration run, we excavated the sample area to check the depth and breadth of wetting front migration.
Index of water repellency
The index of water repellency, R, was evaluated as suggested by Tillman et al. (1989) (Tillman et al., 1989) . Ethanol is assumed to perfectly wet hydrophobic media because of the soil-liquid contact properties. So, in non-repellent soil, the repellency index cannot be greater than 1.95. Tillman et al. (1989) defined soil with R > 1.95 as subcritically water repellent. According to Lichner et al. (2007) , MDI data were used in the field to estimate sorptivity of water and ethanol from the slope of the linear relationship describing cumulative infiltration vs. squared root of time measurements in the early stage of the infiltration process. At each sampling point paired infiltration tests were carried out on the soil surface with water and ethanol at close locations.
Water-stable aggregates
Water-stable aggregates were determined according to Kemper and Rosenau (1986) . Initially, 4.0 g of 1-to 2-mm airdried aggregates were wetted with distilled water under suction. Then, the wet soil was sieved for 3 min in a wet-sieving apparatus (250-µm mesh; stroke length of 13 mm; frequency of 35 cycles/min) using distilled water. Subsequently, the aggregates that remained stable were sieved (or even crushed after the prescribed 5-min sieving time) in a dispersing solution (2 g sodium hexametaphosphate/L), until only the coarse matter remained in the sieve. Then, all the obtained fractions were dried at 105°C.
The stable fraction is equal to the weight of soil sieved in the dispersing solution divided by the sum of the weights sieved during both the steps. The proportion of aggregated soil was corrected for coarse matter.
Ponding infiltrometer runs
Single ring infiltrometer tests were conducted using the device designed by Di Prima (2015) . This device allows to maintain a small constant water head on a soil surface confined by a ring using a Mariotte bottle for water supply (Figure 3) . The device is equipped with a differential pressure transducer and an automatic data acquisition system that increases measurement speed and permits measurement at short time intervals thus allowing measurements of cumulative infiltration under very small water ponded depth (i.e., of the order of few mm) with high precision (Di Prima et al., 2016) .
In this investigation, a ring with an inner diameter of 150 mm was inserted to a depth of 10 mm. A constant depth of ponding (≤10 mm) was then established and flow rate was monitored until the reservoir of the device emptied, allowing detection of quasi steady state conditions. To minimize disturbance of the soil surface and to have an accurate data acquisition from the beginning of the run, the water head was initially applied on a thin plastic film positioned on the soil surface inside the ring (Di Prima, 2015) . After that water was discharged from the base outlet, through lifting a piston, data acquisition was started. Infiltration started when the plastic film was removed. When the water level in the ring went down, the Mariotte bottle provided a certain amount of water to the ring. At this moment, some bubbles could be seen through the bottle from the air entry tube, leading to outliers which can easily be identified and eliminated. Avoiding the direct detachment of the bubbles from the bottom outlet allowed to minimize turbulence which could affect the soil surface. Between two consecutive water supplies, the height of water in the reservoir remains constant which results in a step-shaped water level vs. time relationship. The cumulative infiltration curve is deduced by sampling the water levels at the time immediately preceding each bubble detachment. At this time, the previous volume poured inside the ring has completely infiltrated (Di Prima, 2015) .
The method developed by Wu et al. (1999) , referred to as 'Method 2' in their paper, was applied to calculate K s (mm h -1 ), for each infiltration run. This choice was made because this method is based on a generalized solution for single ring infiltrometers that also works when the ponded depth of water on the soil surface is close to zero (Wu and Pan, 1997) . The calculation procedure by Wu et al. (1999) makes use of the steady state phase of the infiltration process, and it requires an estimate of the so-called α* parameter, equal to the ratio between K s and the field-saturated soil matric flux potential. In this investigation, a value of α* = 0.036 mm -1 was considered as suggested by Elrick and Reynolds (1992) for highly structured soils.
RESULTS AND DISCUSSION Statistical distribution of the data
According to the Lilliefors (1967) test, the hypothesis of normal distribution of both the untransformed and the log-transformed data was generally not rejected (p = 0.05) for the considered datasets ( Table 2 ). The only exception was the WDPT data of the control plot since the normal distribution hypothesis of the untransformed data was rejected in this case. However, the largest difference between the cumulative empirical frequency distribution and the corresponding theoretical function was generally smaller with reference to the log-transformed data. Therefore, the variables were assumed to be log-normally distributed, and geometric means and associated CV were calculated using the appropriate ''lognormal equations" (Lee et al., 1985) . Consequently, the relationships between the WDPT, R, K -20 and K s data were analyzed using the non-parametric Spearman rank correlation analysis, r (SAS Institute Inc., 1999), instead of usual parametric tests. 
Comparison between thinned and control plots
Soil bulk density, antecedent soil water content and organic carbon content did not differ significantly between the T and C plots according to a two-tailed t test at p = 0.05 (Table 3) .
Small differences were detected with reference to WSA (-4.4%) but in this case they were statistically significant since variability of WSA was low at both plots.
The T and C plots had statistically similar WDPT, R, K -20 and K s values (Table 3) . However, the results for the water repellency indices (WDPT and R, Figures 4a, b) were not perfectly similar to the soil hydraulic conductivity results (K -20 and K s , Figure 4c ). In particular, the T plot had a three times higher R value and a ten times higher WDPT value than the C plot.
Moreover, the lowest WDPT and both the lowest and the highest R index were higher in the T plot as compared with the C plot (Figures 4a, b) . Therefore, the two independent experimental methods consistently suggested that soil was more water repellent at the T site but the low number and the high variability of the data (CV > 155%), especially with reference to the WDPT datasets, impeded to give statistical support to this finding. Table 3 . Sample size (N), minimum (min), maximum (max), mean, and coefficient of variation (CV, in %) of the dry bulk density, ρ b (g cm -3 ), initial volumetric soil water content, θ 0 (cm 3 cm -3 ), organic carbon content, TOC (g kg -1 ), water stable aggregate >0.250 mm, WSA (% of soil weight), water drop penetration time, WDPT (s), index of water repellency, R (-), unsaturated hydraulic conductivity, K -20 (mm h -1 ), and saturated soil hydraulic conductivity, K s (mm h -1 ), in the control and thinned plots. For a given variable, the values in a column followed by the same lower case letter were not significantly different according to a two tailed t test (p = 0.05). On the other hand, variability of soil hydraulic conductivity was in line with that documented for this variable (e.g., Warrick, 1998) , and the mean values of soil hydraulic conductivity collected in the two plots differed at the most by a factor of 2.3, that could be considered practically negligible for many hydrological applications (Elrick and Reynolds, 1992) .
To better interpret the comparison between repellency indices at the two plots, it should be considered that Bautista et al. (2015) reported an increasing content of soluble nitrogen in the passage from the C plot to the T one at the study site (2.63 and 3.20 mg L -1 , respectively). The greater availability of nitrogen in the thinned plot likely increased microbial activity and, consequently, production of water repellent substances (Hallett and Young, 1999; Roberson et al., 1995) . In other terms, the investigation by Bautista et al. (2015) suggested that the input of organic matter as a consequence of the addition of plant residues after the thinning treatment could be effective in determining the observed higher levels of water repellency in the T plot.
According to different authors, higher water repellency values may result in higher fractions of water-stable aggregates (Capriel et al., 1995; Doerr et al., 2000; Giovannini and Lucchesi, 1983; Rawitz and Hazan, 1978) . However, in our investigation, higher WSA values were obtained in the C plot, despite the lower values of water repellency measured in this plot. This result is probably due to the differences in the nitrogen content between the plots . More nitrogen is expected to imply an enhanced ability of micro-organisms to decompose polysaccharides or other carbon-rich compounds (Skinner, 1979 ) that bind soil particles together, thus leading to lower aggregate stability. Briefly, micro-organisms are expected to decrease aggregate stability by degrading organics that bind particles all together and produce water repellent molecules, at the same time.
Relationships between infiltration-based variables
Taking into account that data were collected in two contiguous plots with the same texture and similar ρ b , θ 0 and TOC values at the time of sampling (Table 3) , all data were analyzed together to check relationships between infiltration-based variables (i.e., R, WDPT, K s , K -20 ) at the field site.
Despite the limited sample size (N = 13) and the very different variability of the individual WDPT and R values (Table 3) , the correlation between these two variables was significant (r = 0.75, p < 0.05) (Table 4 and Figure 5 ). This result confirmed the usefulness of both the applied methods to assess soil water repellency. In particular, our investigation supported previous findings by Lichner et al. (2007) , who showed that the minidisk infiltrometer may successfully be applied for estimating the index of water repellency over a wide range of water repellent conditions (from R = 0.9 to 54.9 in this investigation) (Table 3) .
Infiltration rates measured with the single ring infiltrometer with a small ponded head of water (≤ 10 mm) were two orders of magnitude greater than infiltration rates measured at -20 mm (1417 and 14 mm h -1 , respectively). Differences of this order of magnitude or even higher between saturated and near-saturated infiltration rates were often observed in various macroporous soils (Buczko et al., 2003; Dunn and Phillips, 1991; Watson and Luxmoore, 1986) .
The K -20 values showed a negative correlation with both WDPT and R (Spearman-rank correlation coefficient equal to -0.88 and -0.76, respectively) ( Figure 6 ) while K s values did not (Table 4) . Therefore, water repellency at a sampling point clearly influenced the unsaturated soil hydraulic conductivity but not the saturated soil hydraulic conductivity. Probably, this result occurred because macropore flow, not affected by water repellency, contributed appreciably to determine soil water transport processes under ponding conditions. The geometric mean of K s (668.0 mm h -1 ) was more than two orders of magnitude higher than the geometric mean of K -20 (1.0 mm h -1 ). Even higher K s values have been reported in the literature for other forest soils (e.g., Pirastru et al., 2014) . For instance, Gonzalez-Sosa et al. (2010) obtained, with a single ring infiltrometer with a large radius to catch macropores (20 cm), a mean K s value of 5400 mm h -1 . Higher values were also measured by , who used a ponded ring infiltrometer in a study on soil water repellence in a podzolized Cambisol with mainly sandy particles under a pine-beech forest.
Therefore, ponding and tension infiltration experiments provided a complementary information about saturated and nearsaturated hydraulic conductivity of the soil. In other words, they highlighted a clear increase of the hydraulic conductivity when moving from near-saturated (-20 mm of water pressure head) to saturated conditions. This difference can be explained by the activation of macroporosity (Lassabatere et al., 2014) , and the high organic matter content (Table 3) , which has implication on the maintenance of soils structure (Ruiz-Colmenero et al., 2013) , and also to the presence of high root and soil fauna density and activity (Beven and Germann, 1982; Gonzalez-Sosa et al., 2010) . The ratio between saturated and near-saturated soil hydraulic conductivity reported by Gonzalez-Sosa et al. (2010) on a small French suburban catchment with mainly sandy loam soils was approximately 50. Therefore, this investigation yielded consistent results with the literature. Moreover, the water repellent behavior of the soil likely contributed to increase this ratio. The reason was that soil water repellency was found to reduce the measured conductivity under unsaturated conditions while it did not affect the saturated conductivity measurements. Probably, this difference between unsaturated and saturated infiltration measurements occurred because the water-entry values for repellent soils are positive (Wang et al., 1998) and an initially repellent soil is not wetted until a critical water-entry value, which may be of the order of some centimeters, is reached (Wang et al., 2000) . For instance, Reynolds et al. (2000) found that the K s values obtained with the pressure infiltrometer were significantly higher than those derived by the tension infiltrometer, especially in forest soils that commonly developed water repellency. The excavation of the area at the end of the infiltration runs revealed a less thorough soil wetting when a negative pressure head was applied. As suggested by , this observation may contribute to explain the large difference between K s and K -20 . In fact, MDI measurements may not wet entirely the soil due to the hetero- geneity of water repellency at the millimeter to centimeter scale . Nyman et al. (2010) reported increasing hydraulic conductivity values as the hydraulic head increased under both repellent and non-repellent conditions. However, in water repellent soils, this phenomenon probably also represents the effect of increased saturation and enhanced contribution by already active macropores. In other words, the increase in flow could be caused by initiation of flow through pore size classes where the hydraulic head exceeded the entry pressure head.
The automatic infiltrometer device used in this investigation allowed to maintain a small water head on the soil surface, and this experimental approach seems useful to study the infiltration process in macroporous repellent soils. In fact, a few mm ponded head of water, hence, lower than the commonly waterentry values for repellent soils (Wang et al., 1998) , could allow the operator to characterize water infiltration occurring through either structural or other gaps in the water repellent layer or as 'fingered flow' through zones of hydrophilic or less water repellent soil (Doerr et al., 2000) . At the same time, the maintenance of the hydrophobic behavior during the early stage of the ponding experiments, due to the small imposed water head, was shown by the convex shape of the cumulative infiltration curve, which is specific for hydrophobic soils (Di Prima et al., 2016; Lassabatere et al., 2013) . Therefore, ponding runs with a small water head avoided to overwhelm soil water repellency (Nyman et. al., 2010) .
The similarity of the T and C plots in terms of both K s and K -20 suggested that thinning had no negative implication on vertical water fluxes at the soil surface.
CONCLUSIONS
Soil water repellency, water-stable aggregates and unsaturated and saturated soil hydraulic conductivity were determined by simple and low-cost methods in two contiguous plots, one of them thinned reducing the forest density from 861 to 414 tree per ha.
The input of organic matter as a consequence of the addition of plant residues after the thinning treatment resulted in a slightly stronger repellent behavior at the thinned plot. The presence of a significant macropore network, high root and soil fauna density and activity and water repellent behavior of the soil determined a sharp increase of the hydraulic conductivity when moving from near-saturated to saturated conditions for both tinned and control plots.
Our measurements demonstrated that thinning had no a negative implication on saturated and unsaturated hydraulic conductivities and on vertical water fluxes at the soil surface. These findings could be helpful for predicting the changes in soil hydraulic properties and in the near-surface hydrological processes in similar Mediterranean environments where the canopy has been opened. These results must be taken into consideration when developing models for water field evaluation.
Ponding experiments, carried out with a very small head of water allowed to properly characterizing water infiltration on water repellent soils with relevant macroporosity. Therefore, the new automated infiltrometer could be considered as an efficient and easy-to-use device to characterize water infiltration at the surface even in water repellent soils, usually considered as very challenging.
